Laboratory Animals (1983) 17, [32] [33] [34] Catheterization of the sagittal sinus in the neonatal pig P. A. FLECKNELL & MURIEL JOHN Division of Comparative Medicine, M.R. C. Clinical Research Centre Watford Road, Harrow, Middlesex, United Kingdom ' Summary A method is described for catheterization of the sagittal sinus in the neonatal pig. Using this technique, cerebral venous blood can be collected from conscious unrestrained animals for a period of at least 4 days.
Studies of cerebral metabolism and cerebral blood flow often necessitate the collection of cerebral venous blood. Previous reports of the techniques employed have been extremely brief, and in general have been developed to allow sampling from anaesthetized animals (Hernandez, Vanucci Salcedo & Brennan, 1980; Pappenheimer & Setchell, 1973) , or for use in the large species (Gardiner, 1980) . It has been shown that both anaesthesia and the stress caused by restraint for sample collection can result in changes in cerebral blood flow and metabolism (Shapiro, Greenberg, Reivich, Ashmead & Sokoloff 1978 ' Wootton Flecknell & John, 1982 . For this rea~on a tech: nique has been developed to enable repeated sampling of cerebral venous blood in conscious animals without the necessity for physical restraint.
Materials and methods

Experimental animals
Piglets were obtained following natural parturition and housed under conventional conditions until required. Bodyweight of the animals studied ranged from 500-1500 g. 'The age at the time of study ranged from 4 h to 96 h.
Surgical procedure
Anaesthesia was induced using methoxyflurane in a I: I mixture of nitrous oxide and oxygen. Surgical anaesthesia was considered to have been achieved when the tail pinch, ear pinch and pedal withdrawal reflex responses had been abolished.
The animal was placed in sternal recumbency and the approximate position of the sagittal suture, which runs in the rostrocaudal axis in the midline of the skull, was located. A l-cm skin incision was made over this region, midway between a line joining the base of each pinna and one joining the eyes (Fig. I) . The subcutaneous tissues were gently
Received 19 June 1982. Accepted 23 July 1982. cleared by blunt dissection and a burr hole drilled through the sagittal suture using a dental drill and a 2 mm diameter burr, care being taken to avoid puncturing the dura mater. The sagittal sinus could then be seen easily as a dark area immediately beneath the dura. The dura and wall of the sinus were punctured with a 21-gauge hypodermic needle and haemostasis achieved using light pressure and a small cotton wool swab. A specially adapted polythene catheter was prepared by attaching the 'wings' from a butterfly infusion needle (Abbott Ireland Ltd) onto the tip of a 0'75 mm diameter, 60 em Porte x intravenous cannula ( Fig. 1) using an adhesive ('Araldite', Ciba Geigy Ltd). The catheter was introduced into the sinus, advanced caudally about I-em and anchored to the skin by two sutures placed through the attached 'wings'. The burr hole was sealed with a small quantity of acrylic cement (Surgical Simplex, Howmedica International Ltd) and the skin incision closed with 2/0 braided silk (Ethicon Ltd). The catheter was directed caudally and taped to the skin. A bandage around the animal's neck anchored the catheter securely and prevented Sagittal sinus catheterization any tension being transmitted to the point of attachment to the skull.
A continuous infusion of heparin saline (50 units/ml, 0'6 ml/min) was maintained by means of a battery operated syringe driver (MS 16; pye Dynamics Ltd). The animal was then maintained at its thermoneutral temperature in a paediatric incubator. Recovery from anaesthesia was invariably uneventful and rapid, the animals behaving normally within 2-3 h postoperatively.
To obtain a better assessment of recovery from anaesthesia, catheters were inserted into the um bilical arteries of 4 piglets immediately following delivery (Group I). A period of I h was allowed for recovery from any minor stress incurred during this atraumatic procedure before withdrawing arterial blood for blood gas analysis and for measuring rectal temperature and respiratory rates. The physiological measurements were repeated immediately after surgery and 4 h postoperatively.
In an additional group of 9 animals (Group 2), catheters were inserted into the sagittal sinus and also into the femoral artery, and measurement of blood gas tensions carried out at 4 hand 24 h postoperatively _
Results
This technique has been used successfully for repeated sampling of cerebral venous blood in over 50 animals. Catheters remained patent for up to 4 days, the maximum duration required for these particular experiments. The results of the measurements of physiological variables in Group I are summarized in Table 1 . There was no significant difference between preoperative and 4 h post-33 operative values using a paired Student's t-test (P>0'2) having checked for equality of variance. Results obtained in Group 2 are summarized in Table 2 . There was no significant change in these values over the 48-h period (P>0·2).
Discussion
The technique described permits repeated sampling of cerebral venous blood from unanaesthetized neonatal piglets. In addition, the use of a suitable length of catheter enables samples to be withdrawn without subjecting the piglet to physical restraint.
The postoperative effects of the surgery and anaesthesia have been minimized by use of a gaseous anaesthetic and by developing a simple, atraumatic operative technique. The relative physiological normality of the preparation is indicated by the results of serial measurements of certain physiological variables, and an additional indication of the stability of the preparation is given by the results of repeated blood gas analysis, suggesting that recovery was completed by 4 h postoperatively. In all cases the variables measured were within the normal range for neonatal piglets (Randall, 1972) .
During the surgical procedure, it is most important to avoid applying any significant pressure to the dome of the skull, since this will produce respiratory arrest. It was not possible to maintain the patency of the catheter in the sagittal sinus either by filling with heparin saline or by the infusion of saline alone. This was achieved only by the continuous infusion of heparin saline, a procedure which was considerably facilitated by the use of a light-weight portable syringe driver. 
Immediately postoperative
± 0·06* 75 ± 16* 7·554 ± 0.045* 7·7 ± 0·8* 5·03 ± 0·40* *No significantdifference (P>0·2) between preoperativeand 4-h postoperativevalues. 
